Background: Tuberculosis (tb) causes significant morbidity and mortality worldwide. In Nigeria, the exact prevalence is not known but a progressive increase of the disease has been observed, with "epidemic states" reported in certain clusters. Even with the newer diagnostic tests for tb, diagnostic difficulties still occur. As a result, several diagnostic criteria have been adopted to aid the diagnosis of tuberculosis in these children. The main objective of this study was to identify Tb in children who were either living with adults who have Tb or in the environment of adults with Tb. Methodology: This was a prospective cross-sectional study conducted in Eku and Oria communities in Ethiope East Local Government Area of Delta State. Eku housed the Tuberculosis and Leprosy Referral Hospital where adults with tb were admitted in the first two months of their treatment. 128 children under 19 years of age were studied over a 3-month period. After obtaining relevant information from every child, a full physical examination and certain laboratory investigations were done. Results: There were 68 males and 60 females. The prevalence of Tb was 68% in those children living among adults with tb within the hospital and 50.6% in those living in the environment or community (p = 0.05). The prevalence of Tb in Bacille Calmette Guerin (BCG) immunized children was 66.2% as against 46.7% in those not vaccinated. Twenty-six of the infected children (57.8%) had only pulmonary disease while 45.7% had affectation of 2 or more organs. The positive predictive values of elevated erythrocyte sedimented rate (ESR), elevated white blood cells (WBC) count and positive gastric aspirates (GA) in diagnosing tb were 60.3%, 70.5% and 0% respectively, while that of abnormal chest X-ray (CXR) and positive Mantoux reaction were 93.6% and 93.7% respectively. Conclusion: The alarming prevalence of tb in these children was not surprising considering their contacts with the tb patients and was representative of simi-* Corresponding author.
Methodology
The study was conducted over a three-month period (January to March 2001) in Eku and Oria communities of Delta state of Nigeria, using the Tuberculosis and Leprosy Referral Hospital (TBLRH). The selected communities were chosen because Eku housed the TBLRH as its major district hospital and is about 3 km from Oria. People from both communities of Eku and Oria attended the hospital for other ailments and some of the children came to the hospital compound to play. In the TBLRH project at the time of study, tuberculous patients were admitted during the first two months of treatment and some came to the wards with their young infants and children. The children in the study had the highest risk of acquisition of tuberculosis through close contact with adult sufferers of tuberculosis disease. Contact investigation for children in these families had not yet been programmed for on the TBLCP project and as such was not implemented at that time. The sample size for this study was determined [24] [25] and it was projected that a total number of 128 children would be studied. Ethical clearance was obtained from the University of Benin Teaching Hospital (UBTH) Ethical committee. Permission was also obtained from the Delta State Ministry of Health as well as authorities of the TBLRH, Eku. Consent was obtained from parents of the studied children in both communities.
All children of adult cases of Tb and those from within and around the referral hospital were enumerated and listed in an orderly sequence. Using a table of random numbers, one child per adult case of Tb was randomly selected. Thereafter, in order to achieve the rest of the sample size and to ensure a reasonable representation and spread, a blocked randomization technique was utilized to select the children from Eku and Oria communities. The households were enumerated and listed in an orderly manner and the number of children per household were equally enumerated and listed in an orderly sequence. The sampling interval of one of every five household was utilized to identify the study households and one child per study household was selected using a table of random numbers.
Relevant information obtained on every child included name, date of birth, sex, address, religion, ethnic group, immunization status giving date of BCG vaccination, date of recruitment, duration of breast feeding, parent's occupation and educational level, family income, number of siblings, recent illnesses, household contact with an adult with tuberculosis, as well as present complaints, after which a full physical examination was done on each child.
Mantoux test was done using an intradermal injection of 0.1 ml of 10IU of purified protein derivative (PPD), which was read after 72 hours [15] [26] . Those children with abnormal physical findings and/or positive tuberculin reactors further had full blood count and erythrocyte sedimentation rate (ESR). The normal ESR value used for children was less than 10 mm/hr [27] .
Chest radiographs and gastric aspirates were done on selected children who were sick or in whom other investigation results were abnormal. These children were made to fast prior to each visit for early morning gastric aspirations, which were done on three consecutive days as day cases [28] . Cases were stratified by social class according to their parent's characteristics using a social score index as described by Olusanya et al. [29] .
Data were analysed using Epi info software. Chi Square and 2-tailed Fisher's exact test were used for comparisons. The p-value was significant if <0.05. If the expected numbers had a value less than 5, Fisher's exact test was used. Also, if the Cornfield confidence interval for Odds Ratio at 95% did not include 1.0, the association was statistically significant.
Results
A total of 128 children under 19 years were studied. Male: Female ratio was 1:0.9. Their ages ranged from 0.41 to 18.95 years with a mean of 9.3 years and a median of 9.9 years. The children within the hospital living among adults with tuberculosis were 47 (36.7% of the total) while those in the community living in the environment of adults with tuberculosis were 81 (63.3%). Tuberculosis affected mainly children from lower socioeconomic classes. There were 75 (58.6%) cases with abnormal physical signs. Symptoms included cough which was found in 49 (38.3%) as well as fever and weight loss which were each present in 8 (6.3%). Forty-seven (36.7%) children had lymphadenitis and these involved mainly the cervical regions. Two (1.6%) children each had rhonchi and crepitations in the chest while only one had abdominal distension. Hepatomegaly was found in 47 children while 24 had splenomegaly. The combination of hepatosplenomegaly was found in 11 children. The commonest site of involvement of tb was the lungs with associated cervical lymphadenopathy.
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Diagnosis of Tuberculosis
Tuberculosis was diagnosed following the discovery of abnormal physical signs and/or positive Mantoux test as well as using a minimum of three criteria. These included elevated ESR > 10 mm/hr, abnormal CXR, elevated WBC ≥ 10,000/mm 3 and positive gastric aspirates for acid fast bacilli (AFB). Their sensitivities, specificities and positive predictive values (PPV) are shown (Figure 1) . Abnormal CXR and positive Mantoux reaction maintained very good sensitivities and adequate specificities and ppv as shown (Figure 1). 
The Prevalence of Tuberculosis
The prevalence of Tb in all the children < 19 yrs was 57%. The prevalence of Tb in children within the hospital, living among adults with Tb was found to be 68% while that of children in the environment (community) was 50.6%. This difference was statistically significant at Chi Square = 3.70 and p value = 0.0543. CI for Odds Ratio at 95% was 2.08 (0.92 -4.74). The prevalence of Tb in BCG immunized children was 66.2% as against 46.7% in those not vaccinated ( Table 1) . This difference was statistically significant with Chi Square = 3.89 and p value = 0.049.
Combinations of Diagnostic Criteria
Abnormal physical signs, when used alone in diagnosing Tb gave very poor sensitivity (46.7%), specificity (32.2%) and ppv (46.7%). But these improved when used with other combinations. When abnormal clinical history, positive family contact history, abnormal X-ray examination and positive tuberculin test were combined for diagnosis, only 14 (19.2%) of the 73 children with probable Tb were identified. A combination of any 3 parameters diagnosed 35 (48%) of the children with probable Tb. Nineteen (26%) of the Tb cases were diagnosed using any 2 criteria. But when abnormal CXR and positive Mantoux were specifically chosen, 57 (78.1%) were identified with Tb. Only 5 (6.8%) were identified using any one criterion, but positive Mantoux alone identified Where: a is Tb in the vaccinees, b is Tb in non vaccinees, x is number of vaccinees and y is number of unvaccinated children. 
Mantoux Results
The overall Mantoux reactions ranged from 0 -22 mm with a mean of 8mm and a median of 9 mm. Thirty seven (54.4%) of the children who received BCG vaccination had Mantoux reactions more than 10 mm while the remaining 45.6% had negative reactions. 
Comparative Studies
The BCG vaccination rate in children under 19 years was 53.1%, with scar formation occurring in 75% of those who received BCG. The pattern of Tb infection in both BCG immunized and non-immunized children living in the hospital among adults with Tb (n = 32) was initially similar to that of the general population. Before 5 years, the prevalence of Tb was 25% in non-vaccinees and 77.8% in the vaccinated. Between 5 and 10 years, this rose to 80.0% in the non-vaccinees and to a greater extent (83.3%) in those vaccinated. After 10 years but before 15 years, this prevalence started dropping to 70% in the vaccinees and 25% in the unvaccinated group, to reach a low level of 66.7% and 0% in the vaccinated and non-vaccinated groups respectively. When the Tb prevalence was compared in each of the different age groups between the vaccinees and non-vaccinees, the differences were not statistically significant (p values for Chi Square ranged from 0.07 and 0.8).
The presence of a positive Mantoux reaction was also compared in the BCG vaccinated and unvaccinated children across age groups ( Table 3) . For children under 5 years of age, the prevalence of positive reaction was much higher in the vaccinated than the unvaccinated (31.6% vs 10.5%, χ 2 = 2.53, p = 0.111). Thereafter, both groups of children, had an almost similar sharp and sustained rise with a plateau in the vaccinated but dropped momentarily in the unvaccinated at 10 -14 years (60% vs 47.4%, χ 2 = 0.63, p = 0.43). The two unvaccinated children under 5 years with positive Mantoux reaction both developed Tb.
The Mantoux responses in the BCG vaccinated were further analyzed. Positive and negative responses were compared among the different age groups. About 21% of under fives were Mantoux positive among whom 7 Where: a is positive Mantoux in the vaccinees, b is positive Mantoux in non vaccinees, x is number of vaccinees and y is number of unvaccinated children.
5.0% had received BCG. From 5 years to less than 10 yrs, 60.6% were Mantoux positive among whom 60% had received BCG vaccination. After 9 yrs, 53.9% were tuberculin positive among whom 57.1% were vaccinated. After 14 years, 77.8% were tuberculin positive and among them 50% were vaccinated. The association between the presence of positive Mantoux among the vaccinees and unvaccinated in all age groups below 15 years had p values for Chi Square between 0.1 and 0.9. The corollary findings were that 13 out of the 30 tuberculin negative under fives had received BCG; 8 out of 13 tuberculin negative children 5 to 10 years old were vaccinated. About forty four percent of tuberculin negative 10 -14 year old were vaccinated while 50% of tuberculin negative 15 to 18 years olds had received BCG. There was no response in 8.2% of the children who had probable Tb.
Discussion
The prevalence of tuberculosis in the study children was 57%. This was even higher (68%) among the children within the hospital who were living with adults with tuberculosis. It is therefore not surprising that this prevalence is much higher than those from previous studies, which gave a range of 10% -25% [1] [10] [11] [25] .
While comparing the prevalence of positive Mantoux reactions in the vaccinees and unvaccinated of the same age group, this study showed the prevalence to be much higher in the vaccinees below 5 years of age than their unvaccinated counterparts (31.6% vs 10.5%). Thereafter the prevalence was similar in both groups but the rise was more sustained in the vaccinees than their counterparts. An increase in tuberculin sensitivity with increasing age has also been observed in Nigeria [30] and elsewhere [31] [32] . This demonstrated the potentiating effect of mass BCG vaccination of under-fives on immunity that was previously primed by environmental mycobacteria in those children [31] . and is possibly explained by an increased exposure to the Tb bacilli with increasing age [31] - [34] . This finding agrees with that of other studies where a subsequent and steady rise in skin reactivity in the vaccinated was compared to the non-vaccinated children [31] [32] . Although the difference in the rise of tuberculin reactivity between the two groups was not statistically significant, the observed trends might suggest a waning effect of the BCG in those older than 5 years of age. Other studies have shown the waning effect of BCG with age [30] - [33] [35] .
The rise in tuberculin reactivity with age could not be attributed to the direct effect of BCG, which should have manifested sooner after vaccination, or to infection with M. Tuberculosis, which should have affected the non-vaccinated and the vaccinated groups equally. The explanation may be as previously thought that BCG induced immunity as well as skin reactivity to tuberculin are enhanced by contact with environmental mycobacteria [31] [32] . The significance of this is that vaccinees show an increased ability to respond immunologically to subsequent encounters with environmental mycobacteria [32] . The results of this study strongly support the expectations of these postulates. Age and community of residence are strong predictors of a positive reaction. Other studies comparing tuberculin sensitivities in the vaccinees and non-vaccinees have concluded that past BCG vaccination grossly enhanced the prevalence of tuberculin sensitivities in a geographical location [31] .
For those children living in the hospital among tuberculous adults, the prevalence was initially similar to the general population. It was lower in the vaccinees below 10 years of age compared to the unvaccinated, but became higher after 10 years in the vaccinees than the unvaccinated. This probably supports the hypothesis that varying levels of immunity are mediated by natural exposure to environmental mycobacteria [36] . In this study, 75% of the 68 children who had received BCG developed scars. Evidence from the literature agrees that not all vaccinees usually develop scars and indicates that the rate of scar development varies [31] . Among Indian children living in Canada, 78% of vaccinees developed visible scars [31] . In South Africa, scar formation could be detected in 38% of children confirmed to have received BCG [37] . In Kenya, BCG produced a scar in over 80% of the vaccinees, while elsewhere in Nigeria, BCG scar was detected in 44% of children vaccinated [38] . The presence of a scar has been accepted as evidence of efficacious vaccination and considerable protection [37] . Unfortunately, tuberculin hypersensitivity or scar formation does not necessarily reflect protection against disease. In this study, 45 of the 73 children diagnosed with Tb actually received BCG with scar formed in 40 of them. The main aim of neonatal BCG is to prevent disseminated forms of Tb such as tuberculous meningitis (TbM) and miliary Tb [37] . In this study, none of the vaccinated children who had scars and had Tb suffered from TbM or the disseminated forms of Tb.
Six (6) out of 73 (8.2%) cases of tuberculosis did not show any response to the Mantoux test. This agrees with studies, which showed that about 10% of immunocompetent children with culture proven Tb did not react initially to the tuberculin test. Most became reactive after several months of treatment [15] . The tuberculin test may be used to select persons who require BCG vaccination as those with no Mantoux response who did not have Tb were given BCG. It is also a useful tool in the diagnosis and control of Tb [33] [39] .
A history of household contact of adult Tb was obtained in 41 (32%) of the study children and 75.6% of them were tuberculin positive. This is higher than earlier studies, which had observed an average of 30% -50% of household contacts who were Mantoux positive [2] . Whereas children who are close contacts of adult tb cases are known to develop tb [4] [11] [40] - [42] , thirty (73.2%) of the studied household contacts had tuberculosis while the remaining 26.8% had not. Therefore, it is not all children who share a common source of contact that ever develop Tb. These differences in susceptibility to Tb among animals and humans suggest the existence of a genetically determined ability to resist Tb [43] - [45] .
In this study, 93.6% of the 78 cases with abnormal CXR were diagnosed with Tb. There was no case of Tb with a normal CXR. However, studies have shown that a normal CXR does not exclude miliary tuberculosis and that miliary changes may develop within several days [14] . On the other hand, significant abnormalities on chest radiograph have been present in more than 50% of children with tuberculosis who have few or no symptoms [46] . The chest radiographs in this study had a sensitivity of 100%, a specificity of 90.7% and a positive predictive value of 93.5%. It is recommended for routine use in diagnosing childhood tuberculosis either singly or in combination. A combination of diagnostic criteria based on history of contact, reactive tuberculin, CXR and/or abnormal physical findings have been documented to lead to the discovery of early disease [15] [21] . This and other combinations as shown in this study provide greater strength for diagnosis than using single criteria. Also this contradicts findings from other studies which showed that the chest radiograph is often non-specific and only in about half of the cases will it be highly suspicious or diagnostic of pulmonary tuberculosis [14] .
The commonest site of involvement of tuberculosis in the study children was the lungs, with drainage to the cervical nodes, with or without hepatosplenomegaly. Pulmonary tuberculosis is generally agreed to be the commonest type of tuberculosis in children [22] . Hepatosplenomegaly was a common finding in this study and its presence represented possible disseminated tuberculosis.
Forty eight percent (48%) of the study children had cervical lymphadenitis. All cases of lymphadenitis involved the cervical group with 74.5% of them being found in children with probable tuberculosis. Other sites included the hilar and perihilar regions. Only one child had axillary lymph nodes in addition, and he was diagnosed with probable tuberculosis. Tuberculous lymphadenitis was found across the entire age range with over 60% involving the cervical nodes. This is not unexpected since the primary organs infected are the lungs, with drainage through the hilar nodes to the mediastinal, supraclavicular and other cervical lymphnodes. The axillary group, which are also close to the lungs were involved next in 21% [47] It is possible that only one case of axillary lymphadenitis was found in this study because the Tb cases were detected early. It was interesting to note the absence of generalized lymphadenopathy in these children. This agrees with the work of Aderele [48] who found a paucity of generalized lymphadenitis in some Nigerian children with Tb. It is recommended that children with generalized lymphadenitis in this and similar environment are more likely to have diseases other than tuberculosis and should be fully investigated for them [48] .
Gastric aspirates had no yield for AFB in the studied children. Gastric aspirate had a poor yield for AFB in childhood Tb in this and other studies [15] . Infants are most often unable to produce sputum and so gastric aspirates need to be collected [14] . These are seldom collected outside of referral hospitals and usually yield positive results in less than 30% of cases [14] . The newer diagnostic tests are specific but have limited sensitivity for di-agnosing tb from these samples, thereby creating an urgent need for improved diagnostic tests for tb in children [49] . However, acid-fast smears and culture remain the primary means of establishing the diagnosis of Tb in children, with culture being the gold standard for laboratory confirmation of tb [50] .
The main strength of this study is early detection of tuberculosis in otherwise well children playing around the communities. A major limitation was the difficulty encountered in confirming tuberculosis with AFB and culture of gastric aspirates. It is generally known that GA gives a low yield of M. tuberculosis [15] . This was a community-based study on children at risk of acquiring tb, most of who were not yet "sick" with tb. It is possible that the yield may have been higher if it was a hospital-based study on "sick" children. Also, gastric aspirates were done on the children as day cases after a fast [28] . Perhaps the yield might have improved if they were admitted overnight but this was not feasible for this community-based study. Also, there is paucity of facilities to confirm tb with culture of gastric aspirates in this and several other developing countries.
Conclusion
This study has documented the true position of tuberculosis in children in these communities and in similar high incidence areas in Nigeria and other endemic countries. There should therefore be routine screening of children living in high prevalence areas. It has also shown that child contacts of adult tb cases can acquire the disease and hence national Tb control programmes should intensify efforts at active case finding of child contacts of adult tb cases. BCG vaccination of children who are Mantoux negative with no evidence of tuberculosis should be practiced so as to maintain the protection against severe forms of tb at all times. Similar studies should be repeated in other high prevalence areas using 5 iu of tuberculin and perhaps refine gastric aspirate collection protocols according to the current national guidelines to improve yield of AFB and also to document a more current epidemiological data. Again, considering the fact that not all children who came in contact with the tb bacilli developed the disease, further studies also need to be done to predict which contacts are likely to be protected and which ones are likely to develop the disease. Chemoprophylaxis could be prescribed to reduce illness and spread of infection. Finally, the effect of re-vaccination with BCG needs to be studied. It is possible that this might increase its long-term protection since its protective effect has been found to wane with time. Also, it is possible to improve on the BCG vaccine currently in use if we could understand and modify the adjuvant property rather than the antigenic content. A therapeutic vaccine that would prevent tb-infected individuals from becoming sick with the disease is the highest priority for vaccine research.
